Image fusion provides precise information in both spatial and spectral resolutions that benefit significantly in high accuracy mapping. Yet, there is less intention withdrawn in justifying the performance of the fused image. In this study, qualitative and quantitative assessments were carried out to test the quality of fusion image. Principal Component Analysis (PCA), Gram-Schmidt and Ehlers were applied to fuse the hyperspectral and Lidar image. Ehlers fusion showed good in preserving the color of image and contained the most information. Besides, the classification of Ehlers fused image showed the highest accuracy.
1.0 INTRODUCTION
Image fusion application on remote sensing is often involved in a process of combining primary image of which is rich in spatial resolution with the secondary image with high spectral resolution to yield fused image which attributes both spectral and spatial information. Fused image in turn provides higher representation and thus significantly enhances interpretation performance of the raw image 1 . Besides, high degree of information acquired by different sensor provides various physical characteristic of ground feature and as a result the accuracy of image interpretation and classification improved 2, 3 . Many studies of image fusion have been conducted in last decades though to date, only a few of them had highlighted reliable methods to assess the quality of fused image as reported in the references 4, 5, 7 . All of these studies were carried out for multispectral image fusion with number of bands is less than 20.In the case of hyperspectral images of which more than 20 bands are used, image fusion conveys rich spectral information in the high resolution pixel. It is a challenge to fuse hyperspectral images where the process demands massive data storage at high cost and time consumption. Study by Kotwal and Chaudhuri 8 had demonstrated quantitative evaluation of hyperspectral image techniques and it has yet limited to accuracy assessment of fused image classification. This paper presents qualitative and quantitative assessment on image quality of fused image produced from the combination of hyperspectral data and Lidar data. Three fusion techniques were used in this study namely Principal Component Analysis (PCA), Gram Schmidt (GS) and Ehlers fusion techniques. In addition to both quality assessment methods, the accuracy of fused image was validated based on the classification results.
2.0 DATA AND MATERIALS

Remote Sensing Data
Set of hyperspectal and Lidar data is acquired from the Data Fusion Technical Committee of the IEEE Geoscience and Remote Sensing Society (GRSS) that provides the data set for the IEEE Image Fusion Competition in 2012. Both imageries show the area within the University of Houston campus and its surrounding urban area. Figure 1 presents image of stadium taken by both systems respectively. The hyperspectral image consists of 144 bands ranging from blue to near infrared wavelength was captured by passive optical sensor during a day. The data was acquired by the NSF-funded Center for Airborne Laser Mappping (NCALM) and had been calibrated to at-sensor spectral radiance units, hereafter referred as SRU [cm 2 sr nm]. At the same time, the airborne also carried a Lidar system to collect dense backscattered returns to form massive cloud points on the ground. Each point represents planimetric and elevation attributes. Both images had well registered in local coordinates and projection system. Complete data specification for both acquisition systems is presented in Table 1 . 
Ground Spectral Libraries
Spectral feature information for 15 different landcover classes is provided in the form of the region of interest (roi). Each roi data consists of several pixel numbers and the list of each class with its total pixels is represented in Table 2 . The roi spectral attribute helps in rendering the image classification and later defining the confusion matrix of classification. 
Data Fusion Techniques
Three unprecedented fusion techniques were applied on the 144-band hyperspectral image for fusing with the Lidar data namely Principal Component Analysis (PCA), Gram-Shchmidt (GS) and Ehlers fusion. Anticipation in the data fusion is to have spectral advantage of hyperspectral and high planimetric accuracy of Lidar spatial resolution together embedded in the fused output.
In principle, the PCA converts inter-correlated hyperspectral bands into new set of uncorrelated components 9 as this fusion technique tends to maintain the original color balance 7 . Besides, PCA is independent to the numbers of bands involved and therefore it is suitable for fusing considerable bands in hyperspectral image 6 . GS technique is a multi-dimensional linear orthogonal transformation which applies approach of linear algebra and multivariate statistics 4 . The procedure is comparable to PCA as both method applied similar statistical variants but the results of GS vary to the input images. Ehlers fusion is a technique used for the spectral preservation in multi-temporal and multi-sensor data 10 . It is based on the Hue-Intensity-Saturation (HIS) transform and the Fast Fourier Transform (FFT) 6, 7 . This technique also preserves the best spectral characteristic of original hyperspectral image during the fusion process 10 but the processing is time consuming 6 . The abovementioned fusion techniques are available in many off-the-shelf image processing software.
In this study, all of these fusion techniques are applied to fuse a hyperspectral image of 144 bands at spatial resolution of 2.5 meter with a single band Lidar image with spatial resolution of 2.5 meter. These fusion techniques work in pixel-by-pixel basis 3 so as to improve the spatial resolution and retain the spectral properties of each pixel in the original hyperspectral image 1 . Basically, these techniques keep the numbers of bands so that to provide consistency radiometric information in assessing the image quality of pre-and post-fusion.
3.0 QUALITATIVE AND QUANTITATIVE IMAGE QUALITY ASSESSMENTS
Image quality assessment was carried out to study the performance of fused image in two aspects of qualitative and quantitative. In the qualitative evaluation, visualization quality was assessed by determining the distinctiveness of pixels in the visual appearance of the scene. (a) where  is the mean and  is the standard deviation calculated from the image of each band as in Eq. (2) and (3) respectively as the followings. Figure 2 shows the RGB color composite of raw hyperspectral image (2a) and three fused images (2b to 2d) with band 51, 78 and 30 bands combination. PCA (2b) and GS (2c) give higher contrast among the objects with the background especially at the edge of the object. PCA conveys sharper color and higher contrast pixels than in GS fused image of which pixels is slightly darker and blurred. Ehlers demonstrates the best color preservation, as most of the features remained the same as in the raw image but with higher texture from the Lidar. As a result, the edges of the object are significantly more obvious and easier to identify. Figure 3 presents the histogram of pixels at band 74 and pixel density distribution of Ehlers is fairly expended in shape that is basically provide more pixel information and higher contrast to background. Figure 4 shows result of S/N presented in the primary ordinate with the standard deviation in the secondary ordinate for all fusion techniques performed in each band. The estimated noise (i.e., the standard deviation) with low values increases the S/N. The S/N of Ehlers is inconsistent from band to band due to the variation from its fine contrast pixel and is lower particularly for band 1 to 76 as in this band range the Ehlers image has higher contrast than other fused images. In Figure 5 , Ehlers gives higher entropy estimate for each band and this in favor to color richness contained by preserving spectral and spatial information from both raw images as clearly visualized in Figure 2(d) . This is also evident in Figure 6 as the fused image of Ehlers has significant gradient estimate and this indicates that the visualization quality, which is related to the texture, is outstanding. Average gradient measures the spatial quality where higher average gradient represents higher spatial resolution 11 . It is therefore proved that Ehler fused image has high contrast objects with clearly and easily seen edges. Figure 7 shows classified image of different fusion technique respectively. To validate the fusion results, confusion matrix was computed for each classification image and overall accuracy is determined in Table 3 . Based on the classification results, Ehlers shows homogeneous classified features in solid polygons that indicated small numbers of mixed pixel with a classified feature. However, misclassification is evident particularly for the group of pixels representing very small object on the ground. This is not a case for PCA and GS as landcover is better classified but contaminated by mixed pixels (where some black pixels are evident). In term of classification accuracy, Ehlers achieved the highest accuracy of 94.8% and this has proven the Ehlers technique implies the highest quality of fused image (completely summarized in Table 3 ) qualitatively and quantitatively. By comparing the Ehlers's fused image with the original image, the classification results had improved significantly as the features of different classes more clear to be identified.
4.0 RESULTS AND ANALYSIS
Qualitative Analysis
Quantitative Analysis
Image classification accuracy assessment
5.0 CONCLUSION
This study addressed image quality improvement from the image fusion. The fusion image shows better visualization quality than the raw image. This study found that Ehlers fusion technique produced the best result of qualitative, quantitative and classification assessments. Ehlers preserves well the color and contrast of the image. The analysis showed that Ehlers is rich with spatial and spectral information.
